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This study aimed to synthesize calcium phosphate loaded with silver 
nanoparticles and evaluate its antibacterial activity. We used cockle shells waste 
as raw material to prepare calcium phosphate. X-ray diffraction analysis showed 
that the constituent phases of calcium phosphate consist of hydroxyapatite (HA) 
and β-tricalcium phosphate (β-TCP). The incorporation process of silver 
nanoparticles on calcium phosphate was carried out in colloidal silver 
nanoparticles via the green-synthesis method using Citrus x microcarpa Bunge 
peel extract. The presence of colloidal silver nanoparticles through the green 
synthesis method was identified using UV-Vis spectrophotometer by the peak of 
the absorption band that occurred at 468 nm. The incorporation of silver 
nanoparticles into calcium phosphate did not significantly change the crystalline 
properties of HA and β-TCP. Evaluation of the antibacterial activity showed the 
silver nanoparticles had a strong antibacterial effect against Staphylococcus 
aureus, which also occurs in calcium phosphate loaded by silver nanoparticles. 
After being incorporated with silver nanoparticles, Calcium phosphate generally 
has no antibacterial effect. After being incorporated with silver nanoparticles, an 
inhibition zone with a diameter of about 9.8 mm can form. These results indicated 
that the method proposed in this study could be an alternative for developing 
calcium phosphate, which requires self-sterilization properties. 
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I. Introduction  
The calcium phosphate ceramic family is a widely 
used material for biomedical and tissue engineering 
purposes [1]. Various types of calcium phosphate have 
good biocompatibility properties and do not show toxic 
effects for humans. Among various types of calcium 
phosphate ceramics, hydroxyapatite (HA) and β-tricalcium 
phosphate (β-TCP) are often used as bone substitution 
materials, dentistry, and orthopedics [2][3]. It is because 
both materials are biocompatible and biodegradable [4]. 
One novel application of calcium phosphate ceramics 
is used as a mask filtration material [5]. In addition to 
being biocompatible, the porous calcium phosphate has 
superior air filtration performance [6]. However, the use of 
calcium phosphate as a mask filtration medium and in 
orthopedics is often constrained by its antibacterial 
activity. Calcium phosphate is known to be unable to form 
a zone of inhibition in bacterial culture and has no 
antibacterial effect. 
One potential solution to raise the antibacterial effect 
in calcium phosphate is through substitute silver 
nanoparticles in its structure. Silver nanoparticles have 
high antibacterial activity and are biocompatible [7][8]. 
This work synthesizes calcium phosphate-loaded 
silver nanoparticles mediated by Citrus x macrocarpa 
Bunge (C. x macrocarpa Bunge) peel extract. We 
modified the green-synthesis method that utilizes 
biological objects such as plant extracts to substitute silver 
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nanoparticles into calcium phosphate. It aims to minimize 
the use of chemical compounds that are toxic and not 
environmentally friendly. We used the C. x microcarpa 
Bunge peel extract because of its phytochemical 
compounds, which can act as a reducing agent and capping 
agent in synthesizing nanoparticles and its abundance in 
the Bangka Belitung Islands. The fruit of C. x microcarpa 
Bunge is used by local people to source a sour flavor in 
various foods. In addition, in preparing calcium phosphate, 
we use cockle Anadara granosa (A. granosa) shells as the 
raw material. Cockle shells contain high amounts of 
calcium carbonate to be used to synthesize calcium 
phosphate ceramics [9]. The utilization of raw materials 
derived from natural materials avoids toxic contaminants 
and maintains their sustainability. 
 
II. Theory 
Calcium phosphate is a group of minerals that contain 
calcium together with orthophosphate (PO43), 
metaphosphate (PO3-), or pyrophosphate (P2O74-), and 
sometimes with hydrogen ions or hydroxide ions. Two 
phases of calcium phosphate, which are very prominently 
applied in tissue engineering, are HA (Ca10(PO4)6(OH)2) 
and β-TCP (Ca3(PO4)2). This is because both are 
biocompatible, non-toxic, and biodegradable [1][10]. The 
crystalline properties of HA and β-TCP are presented in 
Table 1 and Table 2. 
HA and β-TCP can be synthesized by reacting 
calcium materials, for example, CaO, with a phosphate 
source such as H3PO4 or (NH4)2HPO4. Therefore, there 
have been many studies on the synthesis of HA and TCP 
using natural materials rich in calcium, such as eggshells 
[11], bovine bones [12], and fish bones [13], in recent 
years [14]. 
Silver nanoparticles are widely known materials to 
have vigorous antibacterial activity [15]. In summary, the 
mechanism of antibacterial activity of silver nanoparticles 
can occur based on the following steps: (i) the presence of 
silver nanoparticles damages the cell walls and 
cytoplasmic membranes of bacteria; (ii) ribosome 
denaturation occurs and inhibits protein synthesis; (iii) 
interfere with bacterial ATP production because silver ions 
entering the bacterial system will inhibit the respiratory 
system; (iv) silver nanoparticle ions and reactive oxygen 
bind to DNA so that cell replication and multiplication 
processes cannot occur; (v) the membrane denaturation 
process occurs, and (vi) perforation of the bacterial 
membrane occurred as indicated by the ability of silver 
nanoparticles to pass through the cytoplasmic membrane 
and destroy cell organelles [16]. 
There are many methods to synthesize silver 
nanoparticles. However, considering that silver 
nanoparticles will be applied in the biomedical field, the 
main problem in the synthesis process is to avoid using 
toxic chemical compounds. Therefore, the green-synthesis 
method using natural sources such as plant extracts is 
proposed as a promising alternative solution [17]. Various 
phytochemical compounds from plant extracts containing 
phenolic compounds can reduce particle size. This is 
because phenolic compounds have hydroxyl aromatic ring 
groups that can act as ligands to prevent agglomeration 
during the synthesis process [18]. 
Table 1. Crystalline properties of HA [19]. 
Space Group : P 63/M 
Lattice Parameter :  
a (Å) : 9.41844 
b (Å) : 9.41844 
c (Å) : 6.88374 
Atomic coordinates  x y z 
Ca (1) : 0.3333 0.6667 0.0016 
Ca (2) : 0.2460 0.9923 0.2500 
P : 0.3980 0.3680 0.2500 
O (1) : 0.3275 0.4841 0.2500 
O (2) : 0.5869 0.4649 0.2500 
O (3) : 0.3436 0.2580 0.0705 
O : 0.0000 0.0000 0.1975 
H : 0.0000 0.0000 0.0540 
Table 2. Crystalline properties of β-TCP [20]. 
Space Group : R 3 C 
Lattice Parameter :  
a (Å) : 10.417 
b (Å) : 10.417 
c (Å) : 37.329 
Atomic coordinates  x y z 
Ca(1) : -0.2766 -0.1421 0.1658 
Ca(2) : -0.3836 -0.1775 -0.0336 
Ca(3) : -0.2721 -0.1482 0.0606 
Ca(4) : 0.0000 0.0000 -0.0850 
Ca(5) : 0.0000 0.0000 -0.2658 
P(1) : 0.0000 0.0000 0.0000 
P(2) : -0.3109 -0.1365 -0.1320 
P(3) : -0.3465 -0.1537 -0.2333 
O(1) : -0.2736 -0.0900 -0.0926 
O(2) : -0.2302 -0.2171 -0.1446 
O(3) : -0.2735 0.0053 -0.1523 
O(4) : -0.4777 -0.2392 -0.1378 
O(5) : -0.4031 -0.0489 -0.2211 
O(6) : -0.4246 -0.3056 -0.2152 
O(7) : 0.1814 -0.0805 -0.2233 
O(8) : -0.3696 -0.1748 -0.2735 
O(9) : 0.0070 -0.1366 -0.0136 
O(10) : 0.0000 0.0000 0.0400 
 
III. Method 
Preparation of Calcium Phosphate from Cockle 
Shells  
The cockle shells (A. granosa) used in this study were 
collected from the Pangkalpinang City market, Bangka 
Belitung Islands, Indonesia. The cockle shells were 
washed and dried in the sun to eliminate macro dirts. The 
cockle shells were calcined at 1000 ℃ to decompose 
calcium carbonate compounds as given in the following 
reaction [21]: 
 
3 2CaCO CaO+CO→  (1) 
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Afterward, calcined cockle shells were dissolved into 
100 mL of distilled water. As a phosphate source, we 
added H3PO4 solution at a Ca/P ratio of 1.5. Precipitation 
was carried out using a magnetic stirrer at a temperature of 
50 °C for 2 hours. The residue was sintered at 1000°C for 
7 hours, thus considered a stock calcium phosphate for 
synthesis.  
 
Preparation of C. x microcarpa Bunge Peel 
Extract  
We used C. x microcarpa Bunge fruit waste from 
Bangka Regency, Bangka Belitung Islands, Indonesia. We 
grounded the peel using a blender to obtain a coarse 
powder to facilitate the extraction process, as shown in 
Figure 1. Afterward, we used the maceration method to 
produce the extract by mixing two gr of peel powder with 
five mL distilled water as a solvent. The extract 
preparation process was carried out using a magnetic 
stirrer at a temperature of 100ᵒ ℃. The extract was filtered 
and stored at 4℃ for further use. 
 
Synthesis of calcium phosphate loaded with silver 
nanoparticles 
About 12 grams of AgNO3 was dissolved in 400 ml 
of distilled water and stirred for 30 minutes. Afterward, 
100 ml of C. x microcarpa Bunge extract was added and 
stirred for 48 hours. As an accelerator, we added NaOH 
until pH = 7 was reached. The synthesis of calcium 
phosphate loaded with silver nanoparticles was carried out 
by adding calcium phosphate to 100 ml of silver 
nanoparticles in the extract and stirring for one hour. In 
this study, we varied the concentration of calcium 
phosphate by 3 grams (CP3/Ag) and 5 grams (CP5/Ag). 
The powder was filtered and dried using an oven at 110℃. 
Schematically, the calcium phosphate synthesis route 




Figure 1. (a) C. x microcarpa Bunge fruit and (b) the grounded peels 
 
Figure 2. Schematic diagram of calcium phosphate synthesis (top) and calcium phosphate loaded silver nanoparticles synthesis 
(bottom) routes 
Material Characterization and Antibacterial 
Activity 
To investigate the crystalline properties of the 
synthesized calcium phosphate, in both pure calcium 
phosphate and calcium phosphate loaded by silver 
nanoparticles, we used X-ray diffraction (XRD). We 
analyzed the XRD data using the Rietveld method. The 
presence of colloidal silver nanoparticles formed in the 
green synthesis was indicated by the absorption band using 
a UV-Vis spectrophotometer in the range of 200 nm – 900 
nm. The absorption peak that appears is related to the 
surface plasmon resonance of the silver nanoparticles. 
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Antibacterial activity was conducted against 
Staphylococcus aureus (S. aureus) bacteria by disc paper 
diffusion method. The bacterial growth medium we used 
in this study was nutrient agar (NA), and microbial 
inoculation was done by streaking the bacterial suspension 
on the NA medium. Furthermore, the disc paper that had 
been dipped in a mixture of calcium phosphate loaded with 
silver nanoparticles was placed on NA medium and 
incubated for 24 hours at 37°C. The experiment was 
repeated three times, and the antibacterial activity was 
indicated by the average diameter of the inhibition zone. 
 
IV. Results and Discussion 
Figure 3 shows the XRD pattern of the calcium 
phosphate synthesized in this work. After the refinement 
process, it is known that the types of calcium phosphate 
formed are HA and β-TCP. The goodness of fit coefficient 
value (χ2) of 0.205 indicates that the refinement has good 
quality. The three highest peaks associated with HA are 
indicated by peaks 52.97°, 30.97°, and 31.09°, and these 
peaks correspond to orientations 0 4 14, 0 2 10, and 2 1 7. 
Crystal structure of the synthesized HA is hexagonal with 
space group P 63/M and has cell parameters: a = b = 
9.3893 Å and c = 6.8839 Å. The three highest peaks 
associated with β-TCP are at positions 31.05°, 34.39°, and 
27.82° and correspond to orientations 0 2 10, 2 2 0, and 2 
1 4. The crystal structure of the synthesized β-TCP is 
trigonal with space group R 3 C. The cell parameters of β-
TCP are a = b = 10.431Å and c = 37.3858 Å. The cell 
volumes of HA and β-TCP were 525.58 Å3 and 3522.81 
Å3, respectively. Refinement calculations show that the 
molar percentages of HA and β-TCP are 12.98% and 
87.02%, respectively. It indicates that calcium phosphate 
synthesized is dominated by β-TCP. It occurs because the 
Ca/P ratio of H3PO4 used is close to the Ca/P ratio of β-
TCP. The diffraction pattern of β-TCP synthesized in this 
study is similar to other studies such as Afriani et al. 
(2015), who synthesized TCP from eggshell [11], and 
Kang et al. (2017), who synthesized β-TCP from abalone 
shell [22]. By substituting cell parameter data and atomic 
coordinates of HA and β-TCP, the crystal structure of both 
phases is presented in Figure 4. 
Figure 5 shows the color change of the C. x 
microcarpa Bunge extract after AgNO3 was added from 
initially orange to black. The color change indicates that 
silver nanoparticles have started to form in the mixture. 
This transformation can also be observed through the 
absorbance band of the UV-Vis spectrophotometer in 
Figure 6. The absorbance peak of the extract of C. x 
microcarpa Bunge occurred at wavelengths of 276 nm and 
320 nm. The absorbance peak is related to the 
characteristics of the abundant citric acid in this plant [23]. 
After mixing with AgNO3, an absorbance peak was formed 
at a wavelength of 468 nm. The absorbance peak indicates 
that silver nanoparticles have been formed in the mixture. 
This is because noble metals have unique optical 
properties due to their surface plasmon resonance (SPR) 
properties. SPR is a collective oscillation of the conduction 
electrons under resonance conditions with the wavelength 
of the illuminating light. The type, size, and shape of the 
nanoparticles affect the spectral position of the plasmon 
band absorption. In various studies, it is known that SPR 




Figure 3. XRD pattern of calcium phosphate synthesized from 
cockle shell waste. The + symbol indicates the experimental 
data (obs), and a solid line indicates the calculation (calc) of the 
refinement. The lower trace is the difference between 
experiment and calculation (diff). The vertical lines mark the 
position of the calculated Bragg peaks for an HA and β-TCP, 
respectively. 
 
Figure 4. Structure of: (a) β-TCP and (b) HA; color code: Ca 
atoms in brown, P atoms in turquoise, O atoms in red and  H 
atoms in blue. Image created with VESTA [25]. 
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Figure 5. Visual changes in the extract: (a) before and (b) after 
mixed with AgNO3 
 
Figure 6. UV-Visible spectra of C. x microcarpa Bunge skin 
extract and silver nanoparticles synthesized by green synthesis 
method 
Figure 7 presents the refinement results of the XRD 
pattern of calcium phosphate loaded with silver 
nanoparticles. The XRD pattern in Figure 7(a) is the XRD 
pattern for the CP3/Ag, and the XRD pattern in Figure 7(b) 
is the XRD pattern for the CP5/Ag. The refinement for the 
XRD pattern belonging to CP3/Ag has a goodness of fit 
coefficient value (χ2) of 0.457. The three compounds 
correlated with the XRD pattern were HA, β-TCP, and 
silver nanoparticles. After loading the silver nanoparticles, 
there was no significant change in HA and β-TCP type of 
crystal structure, each still in the space group P 63/M and 
R 3 C. The cell parameters of HA were a = b = 9.3394 Å 
and c = 6.888 Å while the cell parameters of β-TCP are a 
= b = 10.4818 Å and c = 37.4468. The cell volumes of HA 
and β-TCP were 520.3 Å3 and 3563.01 Å3, respectively. 
Compared with the initial conditions, the volume of HA 
cells slightly decreased while the volume of β-TCP cells 
expanded slightly. The cell parameters of silver 
nanoparticles in CP3/Ag are a = b = c = 4.0973 Å with a 
cell volume of 68.78 Å3. Based on the calculations, the 
molar percentages of HA, β-TCP, and silver nanoparticles 
in CP3/Ag are 12.53%, 85.81%, and 1.66%, respectively. 
Through refinement, as shown in Figure 7(b), which has a 
goodness of fit coefficient (χ2) of 0.867, it is also known 
that the XRD pattern of CP5/Ag is related to the HA, β-
TCP, and silver nanoparticles phases. The three phases 
have the same space group as in CP3/Ag, namely HA in P 
63/M, β-TCP in R 3 C, and silver nanoparticles in F M 3 
M. Cell parameters of HA, β-TCP, and silver nanoparticles 
are a = b = 9.3387 Å and c = 6.8935 Å; a = b = 10.4781 Å 
and c = 37.424 Å, a = b = c = 4.097 Å, respectively. The 
cell volumes of the three phases are 520.64 Å3, 3558.33 
Å3, and 68.75 Å3. Through refinement calculations, the 
molar percentages of the HA, β-TCP, and silver 
nanoparticles phases were 12.55%, 85.79%, and 1.66%, 
respectively. There was no significant difference between 
the molar percentages of CP3/Ag and CP5/Ag. It indicates 
that adding 3 grams of calcium phosphate and 5 grams to 
100 ml of prepared colloidal silver nanoparticles can 
contain the same amount of silver nanoparticles. It occurs 
because the amount of colloidal silver nanoparticles is still 
above the loading capacity of calcium phosphate. 
 
 
Figure 7. XRD pattern of calcium phosphate loaded by silver 
nanoparticles: (a) TCP3/Ag and (b) TCP5/Ag. The + symbol 
indicates the experimental data (obs), and a solid line indicates 
the calculation (calc) of the refinement. The lower trace is the 
difference between experiment and calculation (diff). The 
vertical lines mark the position of the calculated Bragg peaks 
for an HA, β-TCP, and silver nanoparticles, respectively 
Figure 8 shows the inhibition zone of calcium 
phosphate loaded with silver nanoparticles and pure silver 
nanoparticles. Based on these results, it appears that 
calcium phosphate loaded with silver nanoparticles has an 
inhibition zone indicating an antibacterial effect. The 
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inhibition zone of CP3/Ag and CP5/Ag was (9 ± 4) mm 
and (10 ± 3) mm, respectively. It appears that the two 
calcium phosphates loaded with silver nanoparticles have 
no significantly different inhibition zones. It can happen 
because, based on XRD analysis, the molar percentage of 
silver nanoparticles in calcium phosphate does not have a 
significant difference. As shown in Figure 8(c), the silver 
nanoparticles synthesized in this study had the widest 
inhibition zone with (22 ± 2) mm diameter. The high 
activity of silver nanoparticles is because silver 
nanoparticles, through the presence of Ag+ ions, can 
damage the cell walls and membranes of S. aureus and 
then interact with S and P-containing compounds, 
inhibiting the process of respiration replication and 
inactivating proteins. 
 
Figure 8. Inhibition zones of (a) CP3/Ag, (b) CP5/Ag, and 
silver nanoparticles against S. Aureus. 
V. Conclusion 
This study successfully synthesized calcium 
phosphate from cockle shell waste. We also incorporated 
silver nanoparticles into the calcium phosphate structure to 
obtain an antibacterial effect through the green synthesis 
method. XRD pattern analysis showed that the calcium 
phosphate produced was composed of two calcium 
phosphate phases, namely HA and β-TCP. The use of C. x 
microcarpa Bunge peel extract in green-synthesis of silver 
nanoparticles also showed satisfactory results. Through 
the UV-Vis absorption band pattern related to the surface 
plasmon frequency of silver nanoparticles, it has been 
indicated that colloidal silver nanoparticles can be formed 
through the green-synthesis method. The synthesized 
silver nanoparticles had a strong antibacterial effect 
against S. aureus. Therefore, investigations on the 
antibacterial activity of calcium phosphate loaded with 
silver nanoparticles also showed an antibacterial effect. 
Thus, the method offered in this research can be used in 
the future to develop calcium phosphate-based 
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